Introducing an effective ratio of the specific heats, exact values for the shock front parameters can be obtained, if thermal equilibrium may be assumed. Exact values for the shock front parameters in a singly ionized non-equilibrium plasma can be obtained only if one of the end values is measured.
It is well known how to calculate the parameters (pressure p2 , density q2 » temperature T2 , and velocity v2) in the shock heated zone of a gas flow if the specific heats remain constant 1 .
These calculations, however, become difficult in a plasma flow, where the specific heats (and thus 7 = cp/cv) vary [2] [3] [4] . In order to use the convenient formalism of gas dynamics some authors 5-7 introduced an effective adiabatic exponent, which we will call g. LUNKIN 5 (1959) showed, that g = h/u, where h is the enthalpy and u the internal energy per gram, g depends on pressure and temperature but, as the variations are only small, it is practice 7 , to estimate g so that one can obtain appropriate values of the shock front parameters in a plasma.
In this paper it is shown, that g can also be used to provide the exact p2, T2, v2, q2 , h2 in the shock heated plasma, and these quantities can be obtained as tabulated functions of the MACH number, without any approximations or recursions, provided that thermal equilibrium may be assumed.
In the absence of thermal equilibrium, the end values can be calculated if any one of them is measured. In a non thermal plasma we calculate the ion density n; rather then the temperature, which is no longer uniquely defined. Deviations from thermal equilibrium are reflected in a change of the magnitude of g.
General Shock Equations
The shock front parameter p2 , q2, . . . produced by a strong shock in a gas flow are in principle de- termined by the equations of conservation of mass momentum and energy (the frame of reference moves with the shock front)
and by the two conditions of state Q = q(P,T) and This equation can be used to eliminate h2 from (3).
We then can solve the conservation-equations for- The minus sign gives the identity while the plus sign represents the shock solution for supersonic flow. With Mx ^>5 (strong shock) and any allowed value of g2 5 e i s small as compared with 1, so that the general shock equations become
and employing (5) 
For an approximate determination of the end values one can guess g2 and solve directly for the end values q2 , p2, v2, h2. For an exact calculation, however, g2 has to be treated as an unknown.
Thermal Equilibrium
The plasma is in local thermal equilibrium if electrons, ions and neutrals each have a MAXWELL velocity distribution characterized by the same temperature Te = Ti = T0 = T, and if the number of ions can be calculated by the SAHA equation governed by the same temperature 7saha = T. For the energy consideration, however, it is not necessary to know, whether the excited states obey a BOLTZMANN distribution, as the correlated energy term is neglected (see below).
If the shock front in the plasma is supposedly in thermal equilibrium and M> 3, we have 5 equations: (8) gives {?2 = £i/« and g2 = (1 + o)/(l -a), as g2 now is known we can solve (9) for M1 thus determining the initial velocity vt which is required to reach this combination of end values. Finally v 2 can be calculated with (8). These shock front parameters can be plotted as a function of the MACH number.
In order to get more points in these graphs, one has to start the calculations with different pressures p2 .
It will be noticed that every point obtained with this procedure is an exact value and no iteration is required. 
Deviations from Thermal Equilibrium
In the absence of thermal equilibrium we have to check whether the equations of our system are still valid, and for this end we have to consider how the properties of state depend on the composition of the plasma. For simplicity we consider a single ionized plasma composed of electrons, ions and neutrals (subscripts e, i, 0). As well known 8 , the total pressure p is defined as the sum of the partial pressure We have neglected the logarithmic term, which means we neglected the net excitation energy compared with the total thermal and ionization energy.
The enthalpy then becomes:
and with nj k Tj = pj we obtain
similarly the internal energy is defined by
and thus g= h =^±L p .
All the variables involved in the three equations of conservation (1), (2) and (3) Furthermore, if required, h2 can be determined from (11). A similar solution is possible, if p2 or ftj is measured.
It might be of interest to know in which direction the shock front parameters will tend to change, if the plasma deviates from thermal equilibrium. We have to distinguish between an overpopulation n i>"i. Saha (frozen ionization) and an underpopulation of ions "i<"i. Saha • Differentiating g in (12) with respect to nx we get 3rei
= -p E[( §p + ni E[) -2 < 0 .
The right side is always negative. Thus an overpopulation will reduce the effective g, while an underpopulation of the ions will raise g. If we apply this information to Eqs. (8) and (9), we see that with fti>nj,saha the pressure increase p2/pt and the compression ratio Q2/Qi both will be larger than in thermal equilibrium.
